
WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT _ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 6 : 
B01D 3/08, 1/22 



Al 



(13) International Publication Number: 
(43) International Publication Date; 



WO 97A8023 

22 May 1997 (22.05.97) 



(21) International Application Number: PCT/DK96/00466 

(22) International Filing Date: 12 November 1996 (12.11.96) 



(30) Priority Data: 

1269/9S 



14 November 1995 (14.1 1.95) DK 



(71)(72) Applicant and Inventor: JENSEN, Erik (DK/DK]; Frasn- 
devej 27. DK-2B60 Setoorg (DK). 

(74) Agent: PLOUGMANN, VINGTOFT & PARTNERS A/S; 
Sanlct Anna PUds 11, P.O. Box 3007, DK-1021 Copen- 
hagen K (DK). 



(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ, 
BA, BB, BG, BR. BY, CA, CH, CN, CU, CZ. CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model), ES, FI, PI (Utility model), GB, GE» 
HU, IL, IS, JP, KE, KG, KP, KR. KZ, LC, LK, LR, LS, 
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL* 
PT, RO, RU, SD, SB, SG, SI, SK, SK (Utility model), TI, 
TM, 7R, TT, UA, UG, US, UZ, VN, ARTPO patent (KE, 
LS, MW. SD, SZ, UG). Eurasian patent (AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM). European patent (AT, BE, CH, DE, 
DK, ES, FI. FR* GB. GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CO, CI, CM, GA* GN, ML, MR, 
NE. SN, TD, TG). 



Published 

With international search report 

In English translation (filed in Danish). 



(54) Title: ROTATIVE HEAT TRANSMISSION BODY FOR EVAPORATING LIQUIDS OR DRYING PUMPABLB PRODUCTS 




(57) Abstract 



A rotating heat transmission body with systems for scraping the evaporation surface, designed for evaporation and drying processes. 
A rotating heat transmission body useful for the evaporation of solutions that form deposits on the evaporation surface and for drying of 
pnmpable viscous products. The heat transmission body is constructed as a rotor with a cylindrical supporting mid-section that functions 
to lead the heating vapour stepwise forward to a large number of disc-shaped ring channels during condensation of the vapour and at the 
same time lead condensate and false air away from these. The ring channels are constructed with plane side surfaces, reinforced with 
stays* For evaporation, the heat transmission body is mounted with a horizontal axle and is moistened, cither by spraying or by dipping 
the evaporation surfaces, which are kept free of deposits with radially moving narrow two-sided scrapers. For drying, Che heat transmission 
body is mounted with a vertical axis and horizontal evaporation surfaces that allow application of thicker layers of moist product, which 
can be scraped off after drying with subsequent application of new product with aggregates that each can serve a number f jointly running 
heat transmission surfaces. 
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WO 97/18023 PCT/DK96/00466 

ROTATIVE HEAT TRANSMISSION BODY FOR EVAPORATING LIQUIDS OR DRYING 
PUMP ABLE PRODUCTS 

The invention relat s to a heat transmission body which in 
connection with alternative apparatus constructions make it 
well suited either for evaporation of solutions/suspensions 
which have a tendency to form deposits on the heat trans - 
5 mission surface or for drying viscous puxnpable products • 

Through the development of the present apparatus construc- 
tion, solutions have been obtained in which the following 
demands are met: 

1. Production of units with a large heat transmission surface 
10 area. 

2. Development of an integrated system which keeps the eva- 
poration surface free of deposits. 

3. Achievement of a good heat transmission with vapour as a 
heat medium by constructing the evaporation body in sections 

15 connected in series with decreasing flow passage areas, 

whereby each section provides the flow speed which gives the 
best heat transmission, adapted according to the reduction of 
the vapour volume in accordance with the condensation of the 
vapour. The construction gives at the same time a reliable 

20 transport of the condensate and false air towards the conden- 
sate outlet. 

4. By an apparatus embodiment designed for evaporation, a 
continually increasing concentration of dry matter in the 
liquid is obtained, so that a high concentration in the 

25 residue can be obtained without a substantial decrease in the 
average heat transmission. 

5- An alternative construction which at the same time under a 
countercurrent between the developed vapour and the evaporat- 
ing liquid gives contact between liquid and vapour and thus, 
30 when the liquid phase is a mixture of liquids with different 
boiling points, makes it possible under evaporation to 
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achieve an efficient stripping of the easily evaporable 
liquid at the same time. 

6. By an apparatus embodiment designed for drying of viscous 
pumpable products, it is possible to produce heat transmis- 
5 sion bodies with such a large heat transfer area that by 
recompression of the produced vapour a large energy saving 
can be achieved compared to the energy consumption in conven- 
tional drying processes, which primarily use air as a heat 
transferring medium. 

10 EVAPORATION 

An apparatus designed for evaporating liquid and which ful- 
fils the stated purpose is constructed with a rotating eva- 
poration unit built into a horizontal cylindrical housing in 
which the evaporation body is constructed using plane paral- 
15 lei ring channel plates, which are connected to the tubular 
mid- section by welding. 

By creating in this way a constant distance between the 
evaporation surfaces between the ring channel plates from the 
periphery and towards the mid- section, it is possible to 
20 establish a simple brushing or scraping of the evaporation 

surfaces, whereby long operational periods without a need for 
extra stops for cleaning are obtained, as will be described 
in more detail below. 

Vapour is used as a heat medium, and the ring channels are 
25 therefore provided with radial partition walls forcing the 
vapour into a circular flow through the ring channels, the 
vapour being led in through an opening from the tubular mid- 
section, which is divided by means of a diametrical partition 
plate into a tube half for feeding vapour to the ring chan- 
30 nels and the other half for discharge of vapour and conden- 
sate. At the connection to the next section, the discharging 
tube half leads directly into the tube half forming inlet to 
the ring channels of this section. 
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For evaporation of liquids which do not have a tendency to 
form deposits on the heat transmission surface, there are 
many different apparatus types, the most widely used types 
probably being falling film evaporators, and in more recent 
5 time plate heat exchangers. It is possible with both of these 
types of apparatus to construct very large heat transferring 
surfaces in an economical manner. Falling film evaporators 
are e.g. produced with pipe lengths of more than 10 m, and 
the welding work for each individual pipe is the same regard- 
10 less of the length of the pipe, and the production price 

therefore does not increase proportionally with the capacity 
of the apparatus. 

Plate heat exchangers are now produced with the area of the 
individual plates being so large that a single apparatus with 
15 a heat transmission surface of several hundred m 2 can be con- 
structed. 

However, a large evaporation capacity is not obtained even 
with a very large heat transmission surface if the composi- 
tion of the solution results in quick formation of deposits 

20. on the heating surface, which gradually reduces the capacity 
of the apparatus to a fraction of the capacity of a newly 
cleaned evaporation surface, in addition comes possible stops 
for cleaning the surface. Apparatus are therefore produced in 
which the formation of deposits is prevented or reduced in 

25 different ways. 

With an effective scraping or brushing of the heat trans- 
mission surface, deposits can be completely prevented, and 
nearly the same result can be obtained by creating a strong 
turbulence in the liquid film of the evaporator surface. An 

30 example of the latter is Luwa's thin film evaporator, in 
which a slim vertical cylinder is provided with a heating 
jacket, and the interior surface forms the evaporator surfa- 
ce. The apparatus has a centrally located fast rotating 
Btirrer with wings that- pass the cylindrical evaporator 

35 surface at the closest possible distance from the surface. 
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whereby it keeps the liquid distributed on the evaporation 
surface in a thin film and at the same time creates a strong 
turbulence in the clearance between the wings and the eva- 
poration surface. 

5 The greatest limitation on the use of this type of apparatus 
is that the dimensions of the apparatus in relation to the 
active area are very large. An apparatus with a heat trans- 
mission surface of 40 m 2 can thus e.g. be produced with a 
total height of 12 m, of which the heat surface with a dia- 
10 meter of 1.7 m takes up 9.5 m. The price is high since the 
heat surface must be machined to maintain the narrow toler- 
ance of the clearance between wings and heat transmission 
surface . 

In order to exploit the apparatus as well as possible, one 
15 works with a relatively large temperature difference between 
the condensing vapour and the liquid being evaporated, and 
the usual methods for improving the energy consumption there- 
fore cannot be used* These methods include, among others: Use 
of the produced vapour as a heat medium after recompression 
20 with a mechanical heat pump, partial recompression with a 
steam jet or a configuration with multi-stage evaporation. 

A system with evaporation from a liquid film which is renewed 
periodically under strong turbulence in the liquid film is 
used in an apparatus described in my Danish patent 
No. 120843. The heat transmission surface is here formed as a 
cylindrical rotor constructed of plates folded with deep 
inwardly extending axial folds, whereby the total heat trans- 
mitting surface in relation to the peripheral surface of the 
rotor can be increased by more than 1000%. The rotating 
evaporation body is mounted in a horizontal cylindrical 
housing from whose bottom liquid can be thrown up against the 
slowly rotating evaporation body by means of a rotor with 
gripping blades, and the evaporation surface will thus be 
strongly sprayed on for each revolution and thus kept free of 
deposits. The system is particularly well suited for evapor- 
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ation under vacuum where the pressure difference per degree 
of temperature difference is less than it is at higher pres- 
sures. The folded surfaces are namely too expensive to pro- 
duce when plates with a larger material thickness must be 
5 used. On the other hand, the system is well suited for oper- 
ation with a heat pump. For constructional reasons it is, 
however, difficult to produce apparatus with a heat trans- 
mission surface of more than 150-200 m 2 , and the system 
therefore does not seem to satisfy a growing demand for 
10 larger outputs. 

An obvious solution for evaporation of solutions forming 
deposits is to establish a constant scraping or brushing of 
the entire evaporation surface, and this is also practised in 
apparatus composed of cylindrical or conical housings in 

15 which a part of the outer wall is provided with a heating 
jacket and the housing is provided with a centrally placed 
stirrer that can keep the entire heating surface free of 
deposits with scrapers* A disadvantage of this construction 
is that the liquid volume necessary to cover the heating 

20 surface is large and increases with the size of the appara- 
tus, and even though the apparatus is simple to produce, it 
is only suitable for small outputs. 

An apparatus which gives the possibility to construct a heat 
surface which can be kept clean either by scraping or by 

25 brushing is shown and described in US patent No. 1501515- 
According to the patent the heat transmission surface is 
constructed with circular rotating evaporation bodies com- 
posed of two conical discs facing each other which at the 
periphery are connected by welding to an intermediate ring. 

30 The ring functions to provide a distance between the discs 

which allows the placement of pipes for exhaust of condensate 
and false air. The individual heat transmission bodies are 
connected by cylindrical intermediate pieces that function 
both as an axle for the evaporation body and for conveying 

35 vapour and exhaust of condensate and false air. When used in 
connection with dirty solutions, scrapers are established 



WO 97/1 8023 PCT/DK96/0O466 

6 

that: extend from the periphery and into the central connec- 
tion between the discs. The integrally formed scrapers may in 
certain cas s hinder the free movement of liquid and flow of 
vapour from the evaporation surface, and the system for 
5 distributing heating vapour and draining of false air does 
not give the optimal heat transmission* 



The system using circular rotating evaporation bodies is 
otherwise mostly known in connection with drying processes, 
and the construction of evaporation bodies and the planning 

10 of the operational conditions for these is carried out based 
on the fact that drying of products which are supplied to the 
apparatus in a viscous state and discharged in powder form 
results in the average heat transmission being only about 
75 kcal/m 2 h 0 C, whereas during the evaporation of easily 

15 flowing products, a heat transfer of the order of magnitude 
of 2000 kcal/m 2 h°C can be obtained. To obtain a reasonable 
capacity, one therefore operates with large temperature and 
pressure differences over the heat surfaces with products 
capable of tolerating high temperatures, in addition, there 

20 is a large pressure on the heat surface, and in order to 
obtain the necessary strength, the circular evaporation 
elements are formed either with a triangular cross section or 
possibly with a figure-eight-like cross section, which are 
not suited for a simple scraping. The heating bodies with the 

25 tubular supporting mid-section are normally assembled by 

welding, and since a certain space is necessary between the 
individual bodies in order to perform the welding, a poor 
exploitation of the volume taken up by the heating element is 
thereby obtained. 

30 The object has been to construct an apparatus with a large 
evaporation capacity for liquids having a tendency to form 
deposits on the evaporation surface. As described, the most 
effective solution for cleaning the surface is to perform a 
scraping or brushing of the surface, and since a system with 

35 a stationary heating surface and a rotating scraping system 
can only be constructionally produced for small outputs, 
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efforts have therefore been made to build an evaporation 
system with rotating heat transmission surfaces formed so 
that cleaning can be performed in a new and effective way and 
with a heat transmission surface so large that the system 
5 also can be operated at larger outputs by means of a heat 
pump or by multi-stage evaporation. 

According to the invention such a heat transmission surface 
can be constructed of ring channels which are connected to 
the tubular raid- section in a way which makes it possible for 
10 these to be mounted very closely and with forced passage of 
steam, condensate and false air. 

In the known embodiments of the drying systems with rotating 
heating surfaces, heat transmission will fall in the direc- 
tion of the powder outlet, but the supply of vapour to all 

15 the individual heat transmission bodies as a rule takes place 
at the same pressure from the same common vapour inlet con- 
duit, and the result is that the same amount of vapour flows 
to each of the heat transmission bodies. At the bodies 
closest to the product inlet, heat transmission is so good 

20 that all of the disposable area is not used for condensation 
of the inlet vapour, while the excess area eventually is 
covered with false air. Cases axe known in which the capacity 
of systems has been 30% under the expected capacity and where 
it was possible to improve the capacity by throttling the 

25 inlet of vapour to the heat transmission bodies that function 
under the worst conditions for heat transmission, but it is 
difficult to get the right distribution of the vapour. 

As already mentioned, this problem is solved by dividing the 
rotating evaporation body into sections with serial flow for 

30 vapour and condensate. The circular ring channel evaporation 
bodies are formed by two plane plate rings which are con- 
nected at the periphery, either by means of an intermediate 
ring whose width gives a suitable cross -sectional area for 
the circular vapour flow, or by providing the plates along 

35 their periphery with bendings facing each other and providing 
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together the necessary distance between the plates. With the 
latter approach only one circular welding is required to 
connect the plates, and if the ring channels are to be con- 
nected to each other in the same way via a single welding, 
5 the plates must be provided with a bending extending outward 
towards the adjacent ring channels and have a size that 
allows room between the evaporation surfaces for a bruBhing- 
scraping arrangement. Alternatively, the ring channels can be 
connected by means of rings which have a width that also 
10 provides the necessary distance between the evaporation 
surfaces . 

Vapour is used as a heat medium, and the tubular mid- section 
is axially divided into sections which each form the basis 
for such a number of ring channels that the desired flow rate 

15 for the vapour's parallel flow through the ring channels 

connected to the section is obtained- In assembling with the 
next section, this is turned 180° so that the inlet channel 
is coupled to the outlet channel from the preceding section. 
The number of ring channels in the following section must be 

20 reduced corresponding to the vapour volume condensed in the 
preceding section. 



The evaporation body rotates with a speed not higher than 
that which allows the condensate to be collected at the 
bottom of the ring channels until the radial partition wall 

25 passes and lifts it upwards. When the partition wall has gone 
up in the horizontal position, the condensate begins to run 
into the outlet channel and continues on to the next section, 
where the inlet openings for the ring channels of this sec- 
tion at the same time approach the bottom position, where the 

30 condensate can flow in for a further transport, together with 
the condensate formed in the section. In case the ring chan- 
nels are e.g. placed with a division of 45 mm, 22 ring chan- 
nels per m of rotor can be placed, and with an external 
diameter of 2,5 m and a ring-shaped mid- section with a diam- 

35 eter of 1,2 m, each ring channel will have a surface of about 
7,5 m 2 and thus an area per m of rotor length of about 160 
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m 2 . It is thus possible to obtain a large evaporation ca- 
pacity, even if the dimensioning is based on small tempera- 
ture and pressure differences, and such an apparatus will be 
suited for operation with a heat pump or another correspon- 
5 ding economical operation. 

Even if one operates with a limited pressure difference over 
the heat transmission surface, a plane heat Burface without 
stays will require execution in plates with a large material 
thickness, and the ring channel plates are therefore 
10 strengthened with a suitable number of stays. 

Such a preparation and connection of the ring channels with a 
constant distance between the evaporation surfaces from the 
periphery and into the tubular supporting mid-section is the 
reason that an effective brushing- scraping arrangement can be 
15 produced in a very simple way. 

With known embodiments of apparatus with scrapers which sweep 
the entire surface perpendicular to the direction of movement 
of the surface, the integrally formed scrapers can disturb 
both the vapour and the liquid flows, and at the same time it 
20 can be difficult to remove the scraped-off material. 

Experience shows that in the worse case, it can take several 
minutes to form deposits which give a noticeable reduction of 
the heat transmission, and it will therefore be sufficient to 
establish a periodic cleaning of the evaporation surface, 

25 Such a cleaning can be performed by using small brushes or 
scrapers that clean the entire surface by continually moving 
these from the periphery towards the center and back. Since 
the distance between the opposing evaporation surfaces is 
constant everywhere, each movement means , formed with a two- 

30 sided brushing or scraping arrangement, can serve two sur- 
faces at the same time. The brushing or scraping pressures 
are in balance and thus there is no side influence on the 
pendulum arms that activate the movement, and which ther fore 
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can have so limited dimensions that they can only disturb the 
liquid and vapour flows to a small extent. 

The simplest and cheapest execution is obtained in an appar- 
atus if the moistening of the evaporation surface can be 
5 performed by maintaining a liquid level in the housing 

slightly above the underside of the supporting mid- section. 
During the rotation, the evaporation body, while it is dipped 
in the liquid, will take up a liquid film that is sufficient 
to cover the evaporation taking place, while the evaporation 
10 surface will be above the liquid surface during rotation. 

With such a cons truct ion, there will, however, be a long 
residence time in the apparatus from when the product is fed 
into the apparatus until it is discharged again as a concen- 
trate, but if the treated product is damaged by a long resi- 
15 dence time in the apparatus, the evaporation surface can be 
moistened by means of a liquid applying system as described 
in my Danish patent No. 12 0843, December 1971. Only a limited 
amount of liquid will thus be required in the apparatus, and 
the residence time will be short. 

20 When evaporating solutions in which the liquid phase is a 
mixture of liquids with different boiling points and where 
the most important function is to obtain an effective strip- 
ping of the easily evaporated liquid phase, it is necessary 
during the evaporation to create contact between the liquid 

25 and the vapour produced, which can be obtained by atomizing 
the solution by means of an atomizing system as described in 
my EP patent No. 0494154. 

It is hereby necessary that the rotating evaporation body iB 
mounted so high over the atomizer system that the necessary 
3 0 contact between the liquid and the vapour can take place 
during the flinging out of liquid for moistening of the 
evaporation surface. In order to avoid carrying along the 
drops, the free cross section in the apparatus, through which 
the developed vapour can flow in countercurrent with the 
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simultan ous axial movement of the liquid toward the residu 
outlet, must be bo large that the flow rate of the vapour 
does not exceed about 1 m/sec. During the passage of the 
liquid from the liquid inlet to the outlet for the stripped 
5 liquid, this must be thrown out again at least as many times 
as corresponding to the necessary number of bottoms for the 
stripping, 

DRYING 

When drying a product from a fluid to a powdered condition, 
10 spray drying is a widely used method, although the syBtem in 
certain respects has undesired characteristics in its func- 
tion,, partly in the form of a high energy consumption with 
indirect heat transfer by means of air and partly in that the 
emitted air can cause odour problems. The energy consumption 
15 will thus often be as much as twice the heat of evaporation 
of the moisture removed. 

Drying systems with rotating plate ring channels with a hori- 
zontal axis can function with a vapour consumption with 
direct contact heat transfer which is reduced to about l.l 

20 times the vapour produced, but the consistency of some pro- 
ducts during the transition from liquid to solid condition 
can cause large problems of sticking of the product to the 
ring channels, so that a back mixing with some of the fi- 
nished dry product must be performed in a ratio so that the 

25 apparatus can function without problems. However, the method 
gives a greatly increased residence time for the product in 
the apparatus and at the same time a somewhat poorer heat 
transmission coefficient and therefore does not always pro- 
vide an acceptable solution . 

30 < An apparatus which provides a gentle drying is the drum 

dryer, which has a rotating cylindrical vapour-heated drum. 
The liquid product is added to the drum in a layer of a 
fraction of a mm, and the dried product is scraped off before 
the drum has performed a full revolution and as close to the 
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liquid application arrangement as possible. The residence 
time of the product on the heating surface is a few seconds. 
By building the drum into an airtight housing, it is possible 
to work with the most advantageous drying temperature for the 
5 product. A disadvantage of the system is that it requires 
much space and that the production of the drum must be per- 
formed with great precision to obtain a sufficiently precise 
application and scraping off of the product. 

The heat transmission body already described above can be 

10 used in an embodiment adapted to the purpose for drying 

liquid products and can function according to the same prin- 
ciple as the rotating drum. For this use, the heat trans- 
mission body is mounted with a vertical axle of rotation, 
whereby the heat transmission surface is horizontal and 

15 thereby enabling the application of the viscous product in a 
significantly thicker layer. As a result, the requirement for 
precise production of the surface is reduced, since it is 
easier to scrape off a thicker layer. If the product is 
applied e.g. in a layer thickness of about 4 mm and the 

20 temperature difference is limited to about 30°C, the drying 
time, which is strongly dependent upon the dry matter content 
and consistency, will be about 1 hour. The distance between 
the individual ring channels must be large enough to provide 
room for the aggregates for applying and scraping off the 

25 product, but it is possible to establish a large number of 
heat transferring surfaces on a single rotor. In this situ- 
ation, an application and scraping off for each revolution of 
the rotor would require a very large number of application 
and scraping aggregates. The apparatus is therefore con- 

30 structed so that each application aggregate and each scraping 
aggregate serves a large number of ring channels, e.g. 10 
circular heat transferring surfaces that rotate with about 10 
revolutions per hour. The apparatus can e.g. have 40 ring 
channels and thus 4 application and scraping systems. The 

35 system functions such that each of the e.g. 4 liquid applica- 
tion nozzles are mounted on a common motion system that gives 
the nozzles a pendulum movement and gradually during a whole 
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revolution applies moist product to the corresponding sur- 
faces. Thereafter the nozzles turn completely free of the 
surfaces and are raised or lowered to the next set of sur- 
faces. The scraping system has its own motion system which 
5 serves the same surfaces* The scraping of a set of surfaces 
starts sufficiently before the liquid application begins that 
the areas between the scrapers and the liquid nozzles are 
scraped clean before the application begins. When the heat 
transmission body is turned an entire revolution, the 

10 scrapers are moved to the subsequent set of surfaces. The 

scraping system is followed by the application system, and as 
soon as the surface between the two systems is clean, the 
application of moist products can begin. The advantage is 
hereby obtained that only at the set of surfaces being 

15 scraped off and applied new product does an area exist which 
is not coated and therefore inactive, whereas the other 9 
sets of surfaces are completely covered and thus fully 
active. 

The scrapers are moved in a pendulum movement from the mid- 
20 section of the heat transmission body and past the periphery 
of the surfaces. During the return the scrapers are lifted to 
such an extent that they do not contact the dried product. 
The heat transmission with the significantly thicker product 
layer is somewhat less efficient than with drum drying appar- 
25 atus, but with the same external dimensions of the apparatus 
the heat transferring area is on the other hand much greater . 
A rotor with 10 ring channels per m with a height of 4 in, a 
diameter of 2.5 m and a mid- section of 1.2 m will have a 
contact area of 150 m 2 , and the corresponding area on the 
30 underside of the ring channels contributes with radiant heat. 
A corresponding cylindrical drum with a diameter of 2.5 m and 
a length of 4 m will have a contact area of 31.5 m 2 . 

It is thus possible to establish such a large evaporation 
surface that one can operate with a temperature and pressure 
35 difference so low that the heat pump system can be used with 
an operating economy advantage, which can be illustrated with 
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a calculated example of e.g. use for drying waste water 
sludge. A widely used method for drying waste water sludge is 
drying by means of air which is heated by direct combustion 
of oil or gas in the beginning and then by combustion of the 
5 dried sludge. In drying one ton of sludge with a dry matter 
content of 15% to 176 kg with 85% dry matter, 824 kg of water 
must be evaporated with a heat consumption of at least 824 x 
600 kcal - 494,400 kcal/ton. The combustion of 176 kg of dry 
matter with a combustion value of about 3 000 kcal/kg « 

10 528,000 kcal/ton, with a heat surplus of 33,600 kcal/ton, 

corresponding to about 60 kg of vapour. With a heat pump, the 
theoretical power consumption with adiabatic compression of 
the produced vapour will be about 43 kw and with a 70% effi- 
ciency of the compressor a power consumption of 61.5 kw, 

15 which with an efficiency of 40% by electricity production 
requires a heat consumption of (61.5 x 860) : 0.4 = 132,225 
kcal/ton, and there will consequently be a heat surplus of 
528,000 - 132,225 = 395,775 kcal, corresponding to about 660 
kg of vapour per drying of l ton of 15% sludge, and thus an 

20 appreciable improvement of the operating economy is obtained. 

The invention is described in more detail in the following 
with reference to the drawings, in which: 

Figure 1 shows a longitudinal section in a basis model. 
Figure 2 is a cross section in a basis model. 
25 Figure 3 is a cross section in an evaporation body rotor 
turned 45° in relation to figure 2. 

Figure 4 is a longitudinal section in a single section before 
welding together of adjacent sections. 

Figure 5 is a cross section in a single section showing the 
30 welding joint between the circular plate channels and the 
tubular mid- section. 

Figure shows 6 the shape of a single ring channel with plates 
connected via an intermediate ring. 

Figure 7 shows the shape of a single ring channel with plates 
35 connected via bent edges. 

Figure 8 shows details of a scraping -brushing arrangement. 
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Figure 9 is a cross section in the last section of the, eva- 
poration body with an outlet for condensate and false air. 
Figure 10 shows the same cross section turn d forward 45° . 
Figure 11 is an isometric sketch of a flow course in an 
5 , evaporation body. 

Figure 12 shows an arrangement for reducing residence time in 
the apparatus by spraying liquid on the heating surface. 
Figure 13 is a longitudinal section in the apparatus adapted 
for stripping an easily evaporable liquid phase. 

10 Figure 14 is a cross section of the same. 

Figure 15 is a vertical section in a drying apparatus* 
Figure 16 is a horizontal section in the same. 
Figure 17 is a vertical section in the motion system. 
Figure 18 shows an arrangement of a product application 

15 system. 

EVAPORATION 

Figure 1 shows the basic evaporation model, in which the 
rotating evaporation body 3 is mounted with a small distance 
between the periphery 8 and the bottom of the cylindrical 

20 housing l of the evaporation apparatus . The heat transmission 
surface 7 is moistened by the product being evaporated having 
its surface 31 above the underside 9 of the connection 
between subsequent ring channels. The addition of heating 
vapour goes through inlet pipes with flange 10, which at the 

25 flange connection is connected to the end cover 2a. The inlet 
pipe is connected via the lip sealing arrangement 13 to the 
rotating evaporation body 3, which is supported through the 
axle neck 11 by the bearing 12, which is held in place in the 
inlet pipe 10 by means of stays . 

30 At the opposite end of the evaporation body, it is supported 
by the hollow axle neck 16, which via a flange arrangement is 
connected to the tubular mid-section 4 of the evaporation 
body. The hollow axle neck 16 is disposed in the bearing 17 
which is fixed through a flange connection to the end cover 

35 2b of the apparatus. The hollow axle neck 16, together with 
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the collecting arrangement shown in figures 9 and 10 , numbers 
15 and 29, form an outlet for condensate and false air as 
well as possibly a small excess of vapour for expelling the 
false air. 

5 The system that receives the condensate, etc. is not shown, 
but it is coupled to the hollow axle neck 16 either via a 
mechanical axle sealing or a lip sealing. 

The force for rotation of the evaporation body is transferred 
e.g. via a sprocket wheel 18 mounted on the axle neck 16. The 
10 evaporation body is rotated at a speed of 10-15 rpm and must 
therefore be driven via a gear with a large gear ratio, which 
is not shown. 

To obtain the best possible heat transmission by condensation 
of the vapour in the ring channels in the evaporation body 3, 
15 this is divided into sections, of which one is shown in 

figures 4 and 5. The sections are constructed with a number 
of ring channels suited to the placement in the evaporation 
body, formed either as shown in figures 6 or 7. Figure 4 is 
based on the construction shown in figure 6. 

20 Bach individual ring channel consists of two plate rings 7, 

which are welded together along the periphery by means of the 
intermediate ring 8, The material thickness of the plate 
rings 7 and the number of stays 19 is calculated in accord- 
ance with the desired operating conditions for temperature 

25 and pressure difference. The width of the intermediate ring 8 
is chosen so that there is a sufficient cross -sectional area 
for the vapour flow in the passage 30, figure 5. The radial 
partition wall 6 which extends from the mid -section to the 
periphery of the ring channels leads the vapour from the 

30 inflow opening 33 through the passage 30 to the outlet open- 
ing 34. The partition wall 6 is connected to the diametrical 
partition wall 5, which divides the tubular mid-section into 
two half -tube -shaped inlet and outlet charm Is, respectively. 
The vapour which has not yet condensed and the condensate are 
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forced, to pass through the ring channels, since the inlet 
channel 33a is closed with a plate 14 at the connection to 
the subsequent section ♦ This is turned 180° in relation to 
the previous sect ion , and vapour and condensate will there - 
5 fore continue directly into its inlet channel 34a and further 
around in the ring channels of the section. 

The passage of the condensate through the evaporation body is 
best illustrated by the isometric image of figure 11, which, 
however, for the sake of simplicity only shows 1 ring channel 

10 per section- The partition wall 6 serves not only to lead the 
vapour but also to lift the condensate up so that it is 
caused to flow further to the next section by means of grav- 
ity- The condensate (c) will be collected in the bottom part 
of the ring channel, where it in relation to the ring channel 

15 flows against its direction of movement, until the partition 
wall 6 passes its bottom position and brings the condensate 
(c) , figure 2, upwards, and the partition wall 6 approaches, 
its horizontal, position where the outlet of the condensate 
(a) , figure 2, through the outlet opening 34 can begin. The 

20 outlet can continue until the partition wall 6 passes the 
vertical upwardly facing position, and the condensate will 
flow across the diametrical partition plate 5 and be col- 
lected in the corner (b) , figure 3, between the partition 
plate and the tube wall 4, where it can flow further to the 

25 next section, whose inlet openings 34 at the same time are 
approaching the bottom position, and the condensate can flow 
directly into the ring channels of this section. 

The dimensioning of the total cross -sectional area of a 
section's ring channels is based on the vapour volume that 
30 will be condensed in this section and subsequent sections, 

and it will be possible to dimension so that, with the excep- 
tion of the last section, a vapour flow rate that results in 
an optimal heat transmission can be obtained everywhere- 

When the evaporation takes place under vacuum, the specific 
35 vapour volume can be so large that the ring channels in the 
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first, section must be construct d with a sufficiently large 
distance between the plates 7 that the volumetric utilization 
of the total volume of the apparatus becomes too small, which 
can be avoided be constructing the first sections so that 
5 they operate in parallel and thereby allow a distance between 
the plates 7 to be significantly reduced. The condensate from 
the first part of this double section can, however, have 
difficulty reaching the next series -connected section before 
the outlet openings 34 have reached the bottommost position, 

10 where a residual amount of condensate will run back into the 
ring channels in counter cur rent to the vapour stream, and 
thereby give increased flow resistance. This adverse effect 
can be remedied by providing the outlet channel with a col- 
lecting pocket 24a which is formed by the plate 24, figures 4 

15 and 5. The plate is at the foremost end of the section con- 
nected to the barrier plate 14 but is open to the subsequent 
section. Condensate which has not reached tlie next section is 
taken into tbe collection pocket, from which it will flow on 
to the next section during the continued axial rotation of 

2 0 the evaporation body. A complete emptying of the pocket will 

take place when the next portion of condensate flows out of 
the outlet opening 34. 

The production of the individual sections of the evaporation 
body starts with the production of the individual ring chan- 

25 nels, either as shown ±n figure 6 or in figure 7. The width 
of the rings 8 and 9, figure 6, depends on how large the 
through- flow area in the ring channel must be and partly on 
how much room the brushing- scraping arrangement in the inter- 
mediate space requires, or whether extra space for discharge 

30 of the produced vapour is required for the evaporation of 
foaming solutions. After the assembling of the plates 7, 
figure 6, or 21, figure 7, along the periphery and staying 
with the necessary number of stays 19, one should ensure when 
welding these together that the distance between the plates 

3 5 is the same everywhere. 
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After grinding the welds of the stays and the partition walls 
6, the individual ring channels are leak and pressure tested. 
Afterwards the ring channels connected to the same section 
are welded together. The welding is performed from within the 
5 center, and a minimum distance between the ring channels is 
therefore not required, since, as mentioned above, only the 
function of the evaporation body and not the accessibility of 
the welds determines the dimensions of the apparatus . The 
imperviousness of the welding together of the ring channels 
10 can then be tested before assembly with the tubular mid- 
section 4 which forms an inner wall in a part of the inner 
circumference of the ring channels and therefore does not 
cover the approximately 110° which together is taken up by 
the inlet and outlet openings 33 and 34. 

15 The mid- section 4 is welded to the intermediate rings 9 of 
the ring channels, or by ring channels as shown in figure 7, 
where the mid-section 4 is welded to the connecting plates 
23. During the welding, the cylindrical shaped mid-section 4 
is pressed out towards the ring channels, and on the portion 

20 of the plate cylinder 4 extending outside the outermost plate 
rings 7, the missing part of the circumf erence is filled out 
with the cylindrical shaped plate pieces 20, figure 4, and 
hereafter the two outermost plate rings can be welded to the 
supporting mid- section. Finally, the diametrical partition 

25 plate 5 and the semicircular shaped barrier plates 14 are 
mounted. The welding together of the individual sections 
takes place with an outwardly turned v- joint, which can be 
performed with the shortest possible distance between the 
adjacent ring channels, so that the whole construction can be 

30 regarded as being particularly space saving. 

The heat transfer through the heat transmission surface 
depends only on the chosen material and the wall thickness of 
the plate, and the function can here be optimized by finding 
the best possible ratio between wall thickness of the heating 
35 surface and the number of stays 19 for uptake of the pressure 
difference* 
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When evaporating solutions with increasing viscosity, it will 
normally be the heat transition from the heat transmission 
surface to the boiling liquid which gives the greatest resis- 
tance in heat transmission, and especially if deposits are 
5 formed on the evaporation surface, heat transfer can be 

reduced very significantly* In this situation, apparatus or 
systems which in a simple and efficient way keep the evapor- 
ation surface free of deposits can contribute to making the 
process more efficient. 

As mentioned, by using scrapers that clean the entire surface 
with each revolution of a stirrer with a connected scraper, 
difficulties can arise in removing the scraped- off material, 
and in certain embodiments scrapers give hindrance to the 
outflow of the vapour produced. The present invention has de- 
veloped a system whereby the evaporator surface is scraped or 
brushed off periodically. The system is partly based on the 
rotation of the evaporation body and partly on the scrapers 
or brushes having a small size, but through a pendulum move- 
ment they are brought to act on the entire surface, 

20 The mode of action of the cleaning system is based on estab- 
lishing a set of scrapers or brushes for each intermediate 
space between the ring channels/ and a preferred embodiment 
for cleaning two opposing surfaces is shown in figure 8, and 
in figure 2 the placement in relation to the rotating evapor- 

25 ation body and the cylindrical housing is Bhown. The scraping 
arrangement 27, or the brushing arrangement 28, shows only 
one of numerous possibilities for designing these arrange- 
ments, they are mounted at the end of the pendulum arm 26 
which is fixed to the axle 2 5 by a fixing arrangement. 

30 Through its reciprocating rotational movements, the arm 26 
provides the desired pendulum movement* The axle 25 extends 
through the entire length of the apparatus and is journaled 
in the end covers 2a and 2b and is led out through a stuffing 
box in one end and connected to a drive system, not shown, in 

35 which a lever is activated, either via a crank system or a 
double action hydraulic cylinder. The necessary pressure of 



10 



15 



WO 97/18023 



21 



PCT7DK96/00466 



the brushes or the scrapers on the evaporation surface comes 
from the pressure from the opposing plate, and the pressure 
will be constant under the entire pendulum movement from the 
mid- section to the periphery of the evaporation body, and 
5 since the pendulum arm 26 thus is not influenced by side 

forces, it can be produced from a thin plate* As a result of 
the fact that the system can be produced with limited dimen- 
sions, the effect on the liquid and vapour flows will be 
limited, and as result of the pendulum movement, the material 
10 which is removed from the heating surface will not have the 
possibility to form a large accumulation. 

The energy consumption with drying processes is significantly 
larger than with evaporation of solutions from a fluid state, 
and it can therefore be an advantage to use the present 

15 system with constant cleaning of the evaporation surface, and 
with the accompanying possibility to obtain a higher dry 
matter concentration in the residue, also when evaporating 
solutions that do not have a tendency to form deposits, but 
thereby saving on energy consumption in a subsequent drying 

20 process . 

In a construction as shown in figures 1 and 2, moistening of 
the evaporation surface takes place as a consequence of the 
liquid level in the apparatus being high enough so that every 
part of the evaporation body moves below the liquid surface 

25 during rotation, and even though the volume utilization of 
the evaporation body is good and the evaporation capacity is 
large, the residence time of the liquid in the apparatus will 
be relatively long. This residence time, from when the sol- 
ution is led into the apparatus until it is taken out as a 

30 concentrate, can, however, be reduced significantly in a 
partially known manner. There are two methods to choose 
between, depending on the product to be evaporated and the 
purpose of the evaporation. 

With products in which the liquid phase only consists of a 
35 single component, an arrangement as shown in figure 12 will 
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be sufficient, The evaporation body is constructed as shown 
in figures 1 and 2 with corresponding inlet for vapour and 
outlet for condensate, but with the evaporation body placed 
such that there is room underneath it for installing a spray- 
5 ing rotor 36 which throws the liquid up towards the evapor- 
ation body by means of gripping plates. The construction is a 
further development of details in my Danish patent 
No. 120843, the embodiment being simplified and the function 
being improved by controlling the direction of the liquid 

10 stream using a guide screen 3 7 which together with the hous- 
ing wall 1 forms an open channel 3 8 from which liquid can 
flow to the spraying rotor r which throws the liquid up 
towards the evaporation body. The greater part of the liquid 
will immediately run back to the channel to be thrown up 

15 again, and a smaller part will stick to the heating surface 
and follow it around while at the same time evaporation and 
concentration takes place. Through the scraping and the 
subsequent spraying of the liquid/ the liquid film on the 
heating surface will be renewed and the part with slightly 

20 increased concentration will return to the channel 38, from 
which the liquid will again be thrown up against the evapor- 
ation body slightly closer to the concentrate outlet as a 
result of the superimposed axial flow in the channel « 

When the liquid phase has only one component, the produced 
25 vapour will be uniform throughout the entire apparatus and 
there will be no need to establish a countercurrent between 
the liquid and vapour currents. By placing the vapour outlet 
in the center of the apparatus, a saving in the outer dimen- 
sions of the apparatus can thus be obtained, 

30 With products in which the liquid phase is a mixture of 

liquids with different boiling points and where it is desired 
at the same time to have a nearly complete stripping of the 
most easily evaporable phase, this can be obtained with an 
embodiment as shown in figures 13 and 14. 
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The evaporation body is produced as described in connection 
with figures 1 and 2, but it is placed as high as possible 
close to the top of the horizontal cylindrical housing and. 
with a distance to an atomizer rotor 41 at the bottom of the 
5 housing which gives the possibility to obtain the necessary 
contact between the developed vapour flowing towards the 
outlet 42 and the liquid which is thrown up towards the 
evaporation body and the walls of the housing. The speed of 
the axial vapour flow should not exceed about l m/sec, and 
10 these two factors therefore together determine the diameter 
of the cylindrical housing* 

The liquid atomizing system functions and is manufactured as 
described in my EPO patent No* 0497154 and is as described 
adapted to throw liquid in a fan which covers the entire free 

15 cross- sectional area of the apparatus, so that the vapour 
obtains the necessary contact with the liquid during the 
axial flow towards the outlet 42 * The atomizer system as 
shown in figure 14 consists of a rotor 41, which has a tubu- 
lar supporting part, provided with a number of forward facing 

20 blades which at the angular bent back, edge are welded to the 
supporting mid- section. Collection chambers opening forwards 
in the direction of movement of the rotor are hereby formed* 
When the blade of the rotor passes the slot between the two 
guide plates 39 and 40, the liquid which has flowed forward 

25 through the slot will be collected by the passing blade and 
then, by engaging the bottom of the collecting chamber, will 
be brought up to the rotational speed of the rotor, and the 
liquid will then be thrown out by centrifugal force over the 
front edge of the blade. 

30 One can ensure that all the liquid is thrown out in a uniform 
fan over the entire free cross -sectional area by adapting the 
depth of the collection chamber and the inclination of the 
blade in relation to its direction of movement. The absolute 
speed at which the liquid is thrown out from the rotor is the 

35 vectorial sum of the flow speed of the liquid in relation to 
the blade and the peripheral speed of the rotor. 
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During the liquid's axial movement from the inlet 31 to the 
concentrate outlet 32, the liquid must be thrown out, and 
after striding the evaporation body and the housing wall it 
will flow back for renewed spraying out a number of times in 
5 proportion to the theoretical number of bottoms necessary to 
obtain the desired stripping. 

If the atomizer rotor e.g. works with a rotational speed of 7 
rpm and there are 6 blades on the rotor, 42 streams per 
second will be thrown out. With an apparatus length of e.g. 
10 4 m and a free cross -sectional area which gives the vapour a 
flow speed of 1 m/sec, there will thus be a possibility for 
the vapour to come into contact with a new liquid spray 168 
times during the passage through the apparatus. 

As it appears from figure 14, there is a small area in the 
15 upper part of the apparatus which the liquid spray does not 
reach as result of striking the mid- section of the evapor- 
ation body, and barrier plates 43 are therefore disposed so 
that the vapour only flowB where it can come into contact 
with the liquid spray. 

20 The outlet 42 for the vapour given off by the evaporation as 
well as the inlet 31 for the solution and the outlet 32 for 
the residue are placed so that the two axial flows of vapour 
and liquid go in countercurrent, which is a prerequisite for 
the desired stripping effect. 

During the throwing of the liquid, the liquid impact on the 
evaporation body and housing wall and the return flow of the 
liquid for renewed throwing by the atomizing system, a cer- 
tain back mixing of liquid will take place, which results in 
the dry matter concentration of the liquid being slightly 
higher than that which is theoretically possible. By design- 
ing the apparatus with the necessary evaporation body length, 
the effect of the back mixing of the liquid will be reduced 
and the average heat transmission will be close to that which 
is optimally obtainable. 
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DRYING 

Figure 15 shows an apparatus for drying of puxnpable products, 
in which the rotating evaporation body 3 is mounted with a 
vertical axis. The design of the bearing of the rotor and of 
5 the inlet for the heat medium and the outlet for condensate 
and non- condensable gasses corresponds to the construction 
described in connection with figures l and 2. As a result of 
the surfaces of the ring channels being horizontal, it is 
possible to apply the product in a thick layer, and on the 

10 heating side the condensate can run to the outlet opening 34, 
figure 2, without activation with the partition wall 6, 
figure 2, which must hereby only lead the vapour through the 
ring channels . The special arrangement for removal of the 
condensate shown in figures 9 and 10 can be replaced by a 

15 simple partition plate as in the other sections, offset, 

however, enough so that the discharge through the hollow axle 
neck 16 is not hindered. 

Since it is possible to produce a heat transmission body with 
many circular heat surfaces, and since the drying time for a 

20 thick product layer is long, it is advantageous to let a 

liquid application aggregate and a jointly running scraping 
aggregate treat several heat surfaces. Figure 15 shows an ap- 
paratus with a total of 40 heat surfaces which function with 
4 application and scraping aggregates that are activated by 

25 their own motion systems, but which have the same construc- 
tion and function in the same way. With 10 plates served by 
the same set of aggregates and where the drying time is 1 
hour, the heat transmission body must rotate with a speed of 
10 revolutions per hour, and in the course of 1 revolution 1 

3 0 plate from each of 4 jointly running plates is scraped off 
and applied new moist product. The motion system for the 
scraping function, shown in figure 17, must give the scraping 
aggregate 46 a pendulum movement where the scraping takes 
place, while the scraping knife 44 is moved from its position 

35 closest to the mid- section of the rotor on the line connect- 
ing the axes of the motion aggregate and the rotor, and the 
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scraper thus comes close to the circular mid-section under 
its movement to end outside of the periphery of the rotor, 
where the powder can freely fall down towards the powder 
outlet. During the motion of the scrapers back to the start 
5 position, the scraping knives 44 are lifted free of the 
powder layer by means of a hydraulic lifting aggregate 45, 
figure 17, which again lowers the knives before the next 
scraping movement begins. 

The lifting aggregate can be carried out in many different 

10 ways and is therefore only shown symbolically. Activation of 
the scraping aggregates 46 can be performed in several dif- 
ferent ways. With the construction shown in figure 17, the 
pendulum movement is activated by giving the axle 47 a reci- 
procating rotational movement of about 70° activated via a 

15 lever 48 of a crank or hydraulic system, not shown. The 

pendulum arms 49 of the scraping aggregates are connected to 
a common pipe 50 which can be axially displaced in relation 
to the axle 47 . The pipe has an extension 52 in which a 
spindle 53 is disposed with a thread engaged by the internal 

20 thread in the arm 54 fixed to the axle 47. The spindle is 
driven by a motor with a gear arrangement 55 that can be 
activated when the scraping aggregates 46 are to be lifted or 
lowered for scraping of the next heating surface. The spindle 
53 and the arm 54 have a double function of both transferring 

25 the moment of the pendulum movement and raising or lowering 
the scraping aggregates 46 in moving to the next set of 
heating surfaces. The positioning of the scraping aggregates 
46 at the right height in relation to the surfaces from which 
the dried product is to be removed can e.g. take place by the 

3 0 arm 54 being provided with a slide contact which makes con- 
tact with contact points aligned with each of the 10 func- 
tional positions in this example. Upon contact the spindle 
motor 55 can be stopped and the scraping function at the same 
time started, and after a full revolution of the heat trans- 

35 mission body 3 a signal is given to stop the pendulum move- 
ment and to start the spindle motor, which stops again when 
the motion system has reached the next functional position. 
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This control function can take place with adapted standard 
equipment and is therefore not shown. The scraping aggregate 
46, figure 16, is composed of a scraping knife 44 built 
together with a back wall that ensures that the loosened 
5 material is pushed forward over the periphery of the heating 
surface. The scraping knife is at its sides connected with 
side plates that are parts of cylinders whose center is in 
the axis of the pendulum movement. The outermost plate 56 
follows the surface of the heating surface, and the innermost 
10 plate 57 extends down to the surface of the dried product. 
The side plates prevent the material that has been scraped 
loose from being spread out to the sides. 

Turning of the heating surfaces would be very expensive, and 
the scraping knives are therefore coupled to the pendulum 

15 arms 49 by means of sets of parallel pivot arms which allow a 
vertical movement of the scraping knives while the knife edge 
is still parallel with the plane of the heating surface . The 
knife's vertical movement is limited by stops, so that the 
knife can only be moved as much as corresponding to compensa- 

20 tion for the largest deviation of the heat surfaces from the 
plane surface. The scraping knives are pressed against the 
heating surfaces by means of adjustable springs with a pres- 
sure that is adapted to the consistency of the product. The 
construction of this system is not shown in detail. 

25 Application of the liquid product on the heat transmission 
surface is performed by pumping the product in through flex- 
ible hoses 63 to flat nozzles 59 and distributing it evenly 
on the heating surfaces by moving the nozzles back and forth 
from the mid- section of the rotor and out to a suitable 

30 distance from the periphery of the circular heat surface and 
back, with the rotor simultaneously revolving. 

The pendulum movement and the lifting or lowering of the 
application aggregates 58 to the next set of heating surfaces 
is carried out with the same construction of the motion 
35 system as shown in figure 17 , but the reciprocating 
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rotational movement is in this case only about 20° , since the 
nozzles 59 must not apply the product too close to the peri- 
phery of the heating surface. 

When the application aggregates 58 are to be raised or 
5 lowered for applying product to the next set of heat sur- 
faces, the axle 60 is turned a further approximately 10° so 
that the application aggregate is free of the heating sur- 
face, which e.g. can be performed by moving the attack point 
for the hydraulic cylinder that activates the pendulum move- 

10 ment a corresponding number of degrees with an extra hydrau- 
lic cylinder. To obtain the best distribution of the product 
on the heating surfaces, the nozzles 59 are mounted so that 
the distance to the axle for the pendulum movement can be 
changed, which can be established by coupling the nozzles to 

15 the pendulum arms 61 , figure 18, by means of a double set of 
parallel pivot arms 51 that allow the nozzle to be moved back 
and forward in relation to the longitudinal axis of the 
pendulum arm. The system functions such that when the nozzles 
59 are closest to the mid- section of the heating surface, the 

20 pneumatic cylinder 62 moves the nozzle forward towards the 
direction of revolution of the heating surface with a dis- 
placement that corresponds to the width of the flat nozzle. A 
double layer of product on the heating surface is hereby 
avoided. During movement out towards the periphery, the 

2 5 nozzles must be gradually pulled back to the position closest 

to the axis of rotation of the pendulum movement, so that the 
nozzles at the periphery can again be moved forward to also 
avoid a double layer on this part of the heating surface. 

The conveying speed at the surface of the heating surface 

3 0 increases proportionally with the distance from the axis of 

rotation of the heat transmission body, and during a single 
pendulum movement areas near the periphery will have moved 
about twice as far as the area by the mid- section, which 
results partly in the nozzles at the periphery having to be 
35 moved twice as far as by the mid -section, and partly in the 
pumps that supply the product having to deliver.. a product 
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amount that increases proportionally with the distance of the 
nozzle from the axis of rotation. 

If the nozzle e.g has a width of 40 mm, it will cover 80 mm 
per pendulum movement at the mid-section, and with a diameter 
5 of 1200 mm, 1200 x 7r : 80 « 47 strokes per revolution of the 
heating body are required, in other words 47 x 10 r 60 = 
about 8 strokes per minute. At the periphery with a diameter 
of about 2400 mm, the surface will rotate forward 2400 x tt : 
47 * 160 mm, and if the layer that is twice as thick does not 

10 expand by itself over the intermediate spaces, the nozzles 
must deliver the product with a width of 80 mm, which is 
possible with the construction shown in figure 18. The nozzle 
64 has a width that corresponds to full coverage of the 
heating surface at the periphery. It is provided with a 

15 pivoting slide valve 65 that by means of a hydraulic cylinder 
66 can adapt the width of the outlet opening such that when 
the nozzle is in its innermost position, only about half of 
the nozzle opening will be covered, and it will be completely 
open in its outermost position- The hydraulic cylinder 66 can 

20 e.g. be activated with a cylinder whose piston moves out and 
in and is controlled by the external lever 67 of the pendulum 
movement „ 

The scraping and application aggregates that together serve 
the entire heat transmission system are each activated by its 
25 own common motion system, and it is therefore necessary that 
the distance between the surfaces 68 of the heating surfaces 
is constant regardless of whether the heating surfaces are 
inside one of the ring channel sections or adjacent the 
connection between two sections. 

30 The heat transmission at the heating surfaces that have 

common scraping and application aggregates represents the 
entire interval from the best heat transmission with newly 
applied product to the lowest heat transmission where the 
product is already dried, and it is therefore important that 

35 only as many ring channels are coupled together in parallel 
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in a single ring channel section, figure 4, to obtain the 
optional vapour supply in all of the ring channels. If it is 
a problem to obtain the optimal vapour supply to the heating 
surfaces closest to the condensation outlet, the syBtem has 
5 the advantage that the product inlet pump that supplies that 
part can be adjusted to reduced capacity. 

As mentioned, it is possible with the developed construction 
of the heat transmission body and the systems for applying 
the moist product and removing the dried product to complete 

10 the process with such small temperature and pressure differ- 
ences that heat pumps can advantageously be used for 
recompression of the produced vapour, and a particularly good 
operating economy in the drying process can thereby be 
obtained. It is hereby necessary that the housing 69 is air 

15 tight, and even though the construction of the heat trans- 
mission body gives an effective concentration and discharge 
of air together with the condensate to the hollow axle 16, 
air sucked together with vapour will reduce the heat trans- 
mission and in the worst case stop the operation. The heat 

20 pump is connected to the vapour outlet 42, figure 15, and 
after compression the compressed vapour is led to the heat 
transmission body through the vapour inlet 10. The moist 
product is pumped through the flexible hoses 63, and the 
dried product is led out through the powder outlet 70. 
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CLAIMS 

1. A rotating hollow heat transmission body (3) for use with 
a mainly horizontal axis of rotation in an apparatus for 
evaporating mixtures of liquids or of solutions with a ten- 
5 dency to form deposits or for use mainly with a vertical axis 
of rotation in an apparatus for drying of pumpable products, 
which liquids or solutions or pumpable products are applied 
to an outer heat transmission surface (7) of the heat trans- 
mission body (3> suitable for scraping off deposits or dried 
10 product during rotation of the heat transmission body, 

characterized in that the rotating heat transmission body (3) 
comprises : 

- a hollow drive axle (16) for rotatable mounting in a hous- 
ing (1) of the apparatus, 

15 - means (10, 13) for supplying the heat medium in the f onn of 
vapour to the internal heat surface of the heat transmission 
body (3), 

- means for leading condensate and false air from the 
interior of the heat transmission body (3) through the hollow 

20 drive axle (16) , 

- longitudinal sections into which the hollow evaporation 
body (3) is divided and whose axial lengths are dimensioned 
in relation to each other such that for a given flow of 
condensed vapour through the body the most advantageous flow 

25 speed is obtained for the heat transmission from the heat 
transmission surface, 

each longitudinal section comprising: 

- a tubular supporting mid- section that by means of a dia- 
metrically running partition plate <5) is divided into a 

30 half -tube -shaped inlet channel (33a) for admission of the 
heat medium in vapour form and a half - tube- shaped outlet 
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channel (34a) for discharge and continued flow of vapour and 
condensate to subsequent longitudinal sections, 

- ring channels with a passage (30) for through flow of the 
condensed vapour, said ring channels being disposed coaxially 
with and around the tubular mid- section, 

- radial partition walls (6) disposed in the passages (30) of 
the ring channels and connected to the diametrical partition 
plate (5) , 

- inlet openings (33) in the tubular mid- section in the 
vicinity of a first side of the partition plate (5) , said 
inlet openings (33) connecting the inlet channel (33a) with 
the passages (30) , 

- outlet openings (34) in the tubular mid- section in the 
vicinity of the other side of the partition plate (5) , said 
outlet openings (34) connecting the outlet channel (34a) with 
the passages (30) ^ and 

- a semicircular radial plate (14) that closes one end of the 
inlet channel (3 3a) , 

and the sections being welded together such that each indi- 
vidual section is turned 180° in relation to the proceeding 
section, whereby the outlet channel (34a) of one section is 
connected to the inlet channel (33a) of the subsequent sec- 
tion. 

2. A rotating heat transmission body according to claim 1, 
characterized in that the ring channels of the heat trans- 
mission body have side plates (7; 21; 68) mounted on the 
sectionally divided tubular mid-section with a distance 
between the side plates that during use for evaporation 
processes provides room for a pendulum suspended brushing or 
scraping arrangement (25-28) or provides room during use for 
drying processes for product application aggregates (58) and 
scraping aggregates (46) ♦ 
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3. A rotating heat transmission body according to claim 1 or 
2 for use in an apparatus for evaporation processes, 
characterized in that the ring channels are constructed of 
plate rings with constant distances between surfaces of the 

5 ring channels in the intermediate spaces between them, where- 
by two surfaces facing each other can be kept clean by means 
of a common two-sided brushing or scraping arrangement (25- 
28) that is mounted on an arm (26) that is movably disposed 
in relation to the heat transmission body so that it can 
10 provide the brushing or scraping arrangement with a pendulum- 
like movement from the periphery of the ring channel to the 
mid- section and back during rotation of the heat transmission 
body * 

4. An evaporation apparatus comprising a rotating heat trans - 
15 mission body according to any of the preceding claims, 

characterized in that it comprises a spraying rotor (36) for 
moistening the heat transmission surface, an open liquid 
channel (38) for supplying the spraying rotor so that the 
solution to be evaporated is at the same time between being 
20 thrown out stepwise allowed to flow from a liquid inlet of 
the apparatus to a concentrate outlet of the apparatus, so 
that the residence time of the solution in the apparatus is 
reduced . 

5. An evaporation apparatus comprising a rotating heat trans- 
25 mission body according to any of the preceding claims, 

characterized in that it comprises a cylindrical housing with 
a mainly horizontal axis, an atomizer system (39, 40 and 41) 
disposed at the bottom of the housing and a vapour outlet 
(42) , the diameter of the housing and the placement of the 

30 heat transmission body above the bottom of the housing being 
chosen such that between the heat transmission body and the 
atomizer system (39, 40, 41) a substantial free space is 
provided through which the liquid to be evaporated moves 
during passage from the atomizer system to striking the heat 

35 transmission body and the housing wall, and through which the 
vapour produced by evaporation at the same time flows towards 
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the vapour outlet (42), so that together with the evaporation 
a stripping effect is obtained when treating mixtures of 
liquids with different boiling points. 

6 . A drying apparatus comprising a rotating heat transmission 
body according to any of claims 1-3, characterized in that 
the heat transmission body (3) is mounted in the housing of 
the apparatus with a vertical axis so that the moist pumpable 
product to be dried can be distributed on the horizontal 
upwardly facing surfaces (68) of the ring channels, the 
apparatus further comprising application aggregates (58) and 
scraping aggregates (46) for, respectively , application and 
scraping of product from the surfaces (68) , the heat trans- 
mission body being constructed with the same constant dis- 
tance between the surface (6B) of a ring channel and the 
surface facing it of the ring channel lying above, regardless 
of whether the intermediate space between these surfaces is 
within a section or at a place where between the two surfaces 
there is a connection between two sections . 

7. A drying apparatus according to claim 6 and comprising a 
rotating heat transmission body according to any of claims 
1-3 , characterized in that it comprises 

- a motion system for the scraping aggregates (46) , the 
motion system comprising a pendulum axle. (47) , a lever (48) 
that activates the pendulum axle (47) to make a reciprocating 
rotational movement, an axially displaceaJble pipe (50) on the 
pendulum axle (47) with an extension (52), an arm (54) fixed 
to the pendulum axle at one end thereof and disposed in the 
extension (52) at its other end so that it can transfer 
torque to the displaceable pipe (50) , a pendulum arm (49) for 
each set of cooperating heating surfaces of the ring channels 
fixed to the displaceable pipe (5 0) at one end and at its 
other end to a scraping aggregate (46) and a scraping knife 
(44) , a raising and lowering system connected to the 
displaceable pipe (50) so that this can be raised and 
lowered, as well as a lifting aggregate (45) to lift and 
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lower th pendulum axle (47) and thus the entire motion 
system, and 

- a motion system for the application aggregates (5 8) formed 
mainly as the motion system for the scraping aggregates (46) 
5 but without an aggregate corresponding to the lifting aggre- 
gate (45) . 

8. A drying apparatus according to claim 6 or 7 and compris- 
ing a rotating heat transmission body according to any of 
claims 1-3, characterized in that the scraping aggregate (46) 

10 has a scraping knife (44) with a rear wall with a length in 
the longitudinal direction of the pendulum arm (49) allowing 
the entire circular heating surface (68) to be scraped off 
while it turns one revolution, and the scraping knife is led 
back and forth with a pendulum movement a number of times, 

15 e.g. 40 to 50 times, in that, in order to prevent the 

loosened dried product in powder form from being carried on 
as a result of movement of the heating surface, the scraping 
knife with its rear wall (44) is connected to the side plates 
(56) and (57) , the plates are cylindrical with the center in 

20 the center of the pendulum axle (47) , the underside of the 
outermost plate (56) lies in the plane of the edge of the 
scraping knife, while the plate (57) only extends down to the 
top side of the dried product. 

9. A drying apparatus according to claim 8, characterized in 
25 that the scraping knives (44) are resiliently connected to 

the pendulum arms (49) by means of a system of parallel pivot 
arms, springs and stops adapted thereto. 

10 . A drying apparatus according to claim 6 and 7 and com- 
prising a rotating heat transmission body according to any of 

30 claims 1-3, characterized in that it comprises flexible hoses 
(63) , flat nozzles (59) connected to the hoses for supplying 
a pumpable product to the nozzles from the hoses for dis- 
tributing on the heating surfaces (68) , a motion system for 
leading the nozzles in a pendulum- like manner in and out in 
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relation to the mid-section of the heat transmission body and 
back and forth in relation to the longitudinal direction of a 
pendulum arm (61) of the motion system, the nozzle having an 
outlet opening whose width is half of the movement that the 
5 periphery of the heat surfaces makes during a full movement 
of the nozzles, a rotatably disposed slide valve (65) for 
gradual blocking of a part of the outlet opening of the 
nozzle, the slide valve's suspension being fixed to the 
nozzle, a first hydraulic cylinder (66) for activating the 

10 slide valve, the first cylinder's suspension being fixed to 
the nozzle, and the nozzle being connected by means of paral- 
lel pivot arms (51) to the pendulum arm (61) , a second hy- 
draulic cylinder (62) connected to the nozzle to displace it 
in a longitudinal direction of the pendulum arm, and means 

15 for regulating the capacity of the product supply pumps so 

that it is proportional to the distance of the nozzle orifice 
from the axis of rotation of the heat transmission body, 
thereby corresponding to the free outlet area of the nozzle 
exposed by the elide valve. 
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